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Manganese-catalyzed Hydrofunctionalization of Alkenes 
Jonathan R. Carney[a], Barry R. Dillon[b], Leonie Campbell[b] and Stephen P. Thomas*[a] 
Abstract: The manganese-catalyzed hydrosilylation and 
hydroboration of alkenes has been developed using a single Mn(II) 
pre-catalyst and reaction protocol. Both reactions proceed with 
excellent control of regioselectivity in high yields across a variety of 
sterically and electronically differentiated substrates (25 examples). 
Alkoxide activation, using NaOtBu, was key to pre-catalyst activation 
and reactivity. Catalysis was achieved across various functional 
groups and on gram-scale across both the developed methodologies 
with catalysts loadings as low as 0.5 mol%. 
The sustainable future of chemistry relies on the most efficient 
and strategic use of the Earth’s critical resources and a greater 
application of abundant elements in the manufacture of ubiquitous 
materials, particularly those which are difficult to recycle. First-row 
transition metals are an obvious candidate for this, particularly for 
healthcare applications and large-scale disperse technologies. 
Despite being the third most abundant transition metal, 
manganese has not undergone the same resurgence in interest 
as other first-row transition metals.1-3 For instance, the 
hydrosilylation of olefins has been reported with a range of iron 
and cobalt compounds but reports of manganese-catalysed 
equivalents are sporadic, and no example demonstrates the 
applicability of a catalyst to more than a single substrate.4-8  
Olefin hydrosilylation is a $15 billion per year industry which 
generates a wide-range of products with ubiquitous applications 
such as in soft plastics, weatherproofing and detergents.9-12 
Hydrosilylation reactions typically use a precious metal catalyst 
(most commonly a platinum species),13 but the scarcity, toxicity 
and cost of these metals mean they are not optimal for bulk 
chemical transformations.12,14 This is particularly the case for  
dispersive technologies with the hydrosilylation industry 
consuming roughly 5.6 billion tonnes of platinum per year.12 
Although iron and cobalt alternatives have been developed the 
substrate scope and ease of handling of these systems have yet 
to supplant the entrenched platinum complexes. 
The manganese-catalysed hydrosilylation of polar double bonds 
such as aldehydes and ketones is well established.15-22 Examples 
also exist for the hydrosilylation of esters,21,23 amides21 and 
carboxylic acids24 (Scheme 1, A). Recently, Wang and co-workers 
reported the first manganese-catalysed hydrosilylation of 
alkynes.25  Despite these examples, the manganese-catalysed 
hydrosilylation of alkenes remains elusive; 4 singular examples 
have been published but they are severely limited in terms of 
optimisation, substrate scope and mechanistic work.4-8  
 
 
Scheme 1. A) Manganese hydrosilylation catalysts. B) Mn(II) 
catalysts used in the hydrosilylation of carbonyls and 
hydroboration of alkenes. This work: the hydrofunctionalisation of 
alkenes using a Mn(II) pre-catalyst. dpm = 
tris(dipivaloylmethanato); TPyP+ = tetra(4-pyridyl)porphyrin.  
Iron and cobalt bis(imino)pyridine complexes are proficient 
catalysts for a wide range of reactions including: hydrogenation,26 
hydrosilylation27  and hydroboration27  amongst others.28 Although 
manganese(II) bis(imino)pyridine compounds have been 
prepared29 there are very limited reports of these operating as 
catalysts (Scheme 1, B).20,30 This inactivity has been ascribed to 
the behaviour of the high-spin MnII (S = 5/2) state.31 Recently 
Trovitch and co-workers reported the hydrosilylation of aldehydes, 
ketones and formates using a manganese(bis)imino pyridine 
species which was stabilized by pendant phosphine groups. This 
reduction proceeded with the highest TOF of any first-row 
transition metal catalyst for the hydrosilylation of ketones, 
demonstrating the potential of manganese catalysis for this type 
of transformation.23,32  
Having recently introduced the broad-range alkoxide 
activation of 1st-row transition metal pre-catalysts,7,33,34 we were 
keen to explore the possibilities of this method for reductive 
manganese(II) catalysis. We began this work by preparing a 
range of manganese(II) complexes, bearing tridentate amine 
ligands which have been widely used with other first-row transition 
metals in a range of catalysis (Table 1). Terpyridine manganese 
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dibromide gave no catalytic activity (Table 1, Entry 1). An initial hit 
was found with the bis(imino)pyridine complex MesBIPMnBr2 as 
the catalyst (Entry 2). Using 2 mol% of EtBIPMnBr2, 6 mol% 
NaOtBu as the activator and triethoxysilane34,35 gave the 
hydrosilylation product in 90% yield with a regioselectivity of >99:1 
linear:branched (Entry 3). Altering the N-aryl groups of the 
bis(imino)pyridine ligand showed that greater steric bulk led to 
increased catalytic activity, with 2,6-diisopropyl aniline-
substituents giving the best result (Entry 4). Control reactions 
were carried out to demonstrate that both the manganese catalyst 
and NaOtBu were required for successful catalysis (Entries 5-8). 
Alternative activators were also investigated, with other alkoxide 
salts giving comparable reactivity to NaOtBu (Entries 9 and 10). 
Organometallic reagents, which have been extensively used for 
the in situ reduction of Fe(II) and Co(II) bis(imino)pyridine pre-
catalysts such as EtMgBr,36,37 NaBHEt3,38-42 LiAlH443,44 and 
LiCH2C(SiMe3)345 did not lead to any observed hydrosilylation 
products or catalyst activity (Entries 11-14).  
The substrate scope of this system was explored using 
DIPPBIPMnBr2 as the catalyst (2 mol%) and NaOtBu (6 mol%) 
(Scheme 2). Octene hydrosilylation with industrially relevant 
silanes HSi(OEt)3, HSiMe(OEt)2 and primary silane PhSiH3 all 
proceeded in excellent yields and regioselectivity to give the linear 
silanes, 5a-c, respectively. Simple aliphatic alkenes 5d-f 
underwent successful hydrosilylation in high yields and all 
aliphatic alkenes gave complete control of regioselectivity (>99:1) 
for the linear hydrosilylation product (5a-l). Complete 
chemoselectivity was also observed for a terminal alkene over an 
internal alkene 5g. Alkene hydrosilylation in the presence of a 
cyclic tertiary amine, morpholine 5h proceeded in high yield.  Aryl 
groups with electron-withdrawing substituents such as a 
trifluoromethyl 5i, fluoride 5j and chloride 5k substituents were all 
tolerated in the procedure, but an aryl bromide 5l gave reduced 
hydrosilylation yields although no protodebromination was 
observed.41 Alkenes bearing pendant carbonyl groups 5l 
underwent hydrosilylation, but only with excess silane and 
concurrent C=O bond reduction suggesting the rate of alkene 
hydrosilylation is slower than that of carbonyl hydrosilylation.  
Styrene derivatives 5n-5p also underwent hydrosilylation 
although yields were significantly lower than that of the aliphatic 
alkenes (27-39%). The regioselectivity was also reduced with 
between 6% and 20% of the branched product being observed in 
these cases. The hydrosilylation product of 1-octene and 
HSi(OEt)3 5a used in commercial weatherproofing and cosmetic 
products.46,47 Thus to demonstrate the applicability of this 
methodology the hydrosilylation of 1-octene with HSi(OEt)3 was 
carried out on gram-scale using just 0.5 mol% of the manganese 
pre-catalyst to give 2.3 grams of the linear silane in a 95% isolated 
yield (Scheme 3) with only the linear regioisomer observed. 
 























Entry Catalyst Reductant Yield (%) 
1 1 NaOtBu N.R. 
2 2a NaOtBu 3 
3 2b NaOtBu 90 
4 2c NaOtBu >95 
5 MnBr2 NaOtBu N.R. 
6 2c - N.R. 
7 DIPPBIP - N.R. 
8 - NaOtBu N.R. 
9 2c NaOMe 86 
10 2c KOtBu 93 
11 2c EtMgBr 4 
12 2c NaBHEt3 trace 
13 2c LiAlH4 N.R. 
14 2c LiCH2C(SiMe3)3 N.R. 
Reaction conditions: Alkene (0.5 mmol), HSiR3 (0.63 mmol), catalyst 
(0.01 mmol), reductant (0.03 mmol), neat, 25 °C, 18 h. Yield determined 
by 1H NMR of the crude reaction mixture using 1,3,5-trimethoxybenzene 










Scheme 2: Hydrosilylation substrate scope 
 
Reaction conditions: Alkene (1 mmol), HSiR3 (1.25 mmol), [Mn] (2 mol%), 
NaOtBu (6 mol%), neat, 25 °C, 4 h. Yield determined by 1H NMR of the crude 
reaction mixture using 1,3,5-trimethoxybenzene as an internal standard. 
Isolated yields in parenthesis. Regioselectivity is reported in parentheses as a 
ratio of linear:branched isomers. a 1b used as catalyst. b 3 eq. of silane used. c 
Reaction time 18 h. 
Scheme 3. Gram-scale reaction. 
 
 
As manganese(II)-catalysed reduction reactions are rare and  
the paramagnetic nature of manganese species inhibits direct 
observation, the mechanisms of manganese-catalysis are not as 
well understood as other first-row transition metals. We carried 
out a series of mechanistic experiments to gain insight into this 
reaction. The catalyst activation was proposed to proceed through 
the in-situ formation of a hydrosiliconate species by the addition 
of tert-butoxide to triethoxysilane.7,33,34 Alkoxy hydrosilicates have 
been shown to react in a manner comparable to other hydride 
reagents (e.g. NaHBEt3, LiAlH4).48Therefore it was hypothesised 
that a pentacoordinate alkoxysiliconate species could act as a 
hydride source and transfer a hydride to the manganese(II) pre-
catalyst.41 From the manganese(II) dihydride species, a 
reductive-elimination event could give a formally low-oxidation 
state active catalyst. Stoichiometric mixing of KOEt and HSi(OEt)3 
led to the formation of two silicon species, HSi(OEt)4˥- and the 
disproportionation product Si(OEt)4.35 Addition of pre-catalyst 
DIPPBIPMnBr2 led to the consumption of the hydrosiliconate 
species. 
Further investigations of the mechanism were carried out 
through a series of trapping and poisoning experiments (Scheme 
4).  Initially, a control quench-reaction was carried out by addition 
of aqueous HCl (2M) 10 minutes after the pre-catalysts activation 
(addition of the alkoxide to the Mn(II) pre-catalyst). This gave a 
baseline reactivity of 12% hydrosilylation (Scheme 4, Entry 2). 
Next the homogeneity of the active catalyst was confirmed by 
trapping with dibenzo[a,e]-cyclooctatetraene (DCT) (Entry 3).44,49 
The addition of DCT at equal loading to the pre-catalyst at the 
start of the reaction led to inhibition of the reaction, so only 36% 
of the hydrosilylation product formed. In order to determine if the 
reaction proceeded by a radical pathway a radical trap was added 
to a standard catalytic reaction. Addition of stoichiometric 
quantities with respect to pre-catalyst, of 2,2,6,6-tetramethyl-1-
piperidinyloxy (TEMPO) resulted in no inhibition of catalysis 
(Entry 4). Superstoichiometric quantities of TEMPO did somewhat 
inhibit the activity of the catalyst (Entry 5), however no octene-
TEMPO adduct was observed.50 Therefore a radical pathway is 
presumed to be unlikely. The trityl cations has been shown to act 
as a hydride abstractor for organometallic compounds.51,52 If a 
Mn–H is on the catalytic cycle, the addition of trityl cation should 
inhibit catalysis. The addition of stoichiometric amounts, with 
respect to pre-catalyst, of trityl hexachloroantimonate after 10 
minutes led to complete inhibition of the reaction (Entry 6), equal 
to the quench using aqueous acid (Entry 2). The addition of 
smaller quantities of trityl cation led to proportional decreases in 
reactivity (Entry 7 + 8). It should be noted that two potential 
hydride sources are present under reaction conditions; the in-situ 
generated siliconate species and a possible Mn–H species. 
However, the addition of trityl cation 10 minutes after the 
activation of the pre-catalyst should preclude hydride trapping 
from the siliconate species as this has been consumed in pre-
catalyst activation. The presence of super-stoichiometric amounts 
of NaOtBu (with respect to catalyst) did not lead to an increased 
yield suggesting Mn–H abstraction and subsequent catalyst 
deactivation is occurring. Hydrosilylation of 1,1,2-d3-4-phenyl-1-
butene (deuterated alkene) led to scrambling of the deuterium at 
the internal carbon (C2) of the alkene (Scheme 4B) suggesting 
reversible hydrometallation.53 





Scheme 4: Mechanistic experiments 
 
We postulated that the unique ability of NaOtBu/DIPPBIPMnBr2 
for alkene hydrosilylation could potentially be expanded for broad 
use across other hydrofunctionalization reactions. For instance, 
the hydroboration of alkenes with pinacol borane gives stable and 
easily handled alkyl boronic ester products. Very recently, 
Fettinger and co-workers reported the hydroboration of alkenes 
using a dialkyl manganese catalyst bearing a terpyridine ligand  to 
give boronic esters in high yields.54 We postulated that 
replacement of the silane by pinacol borane in our system would 
facilitate a catalytically analogous reaction. 
After minor optimization we found that replacing 
triethoxysilane with pinacolborane (3 equivalents) and increasing 
the reaction temperature to 60 °C allowed hydroboration to 
proceed in an otherwise identical system to that of the 
hydrosilylation. Styrenes bearing a range of sterically and 
electronically differentiated substituents all underwent 
successfully hydroboration in moderate to excellent yields 
(Scheme 5). Notably, the system gave excellent regiocontrol for 
the linear hydroboration product, in contrast to the single previous 
report of manganese-catalyzed hydroboration which selectively 
gave the branched product for styrene derivatives.54 4-tert-
Butylstyrene 7a was hydroborated in high yield (96%) and 
regioselectivity (90:10 L:B). Strongly electron-withdrawing 
substituents such as a trifluoromethyl group 7b, fluoride 7c and 
bromide 7d led to reduced reactivity (64-74%), although 
regioselectivity remained high (11-7% of the branched product 
observed). The presence of an electron-donating methoxy 
substituent gave high yields and improved regioselectivity 7e 
(99%, 93:7 L:B). Using the heavily substituted 2,4,6-
trimethylstyrene 7f the hydroboration product was isolated with a 
reduced yield of 31% but with excellent control of regioselectivity. 
1,1-Disubstituted styrenes were previously unreactive in 
manganese-catalyzed hydroboration.54 However using the 
manganese-NaOtBu conditions, α-methyl styrene gave the 
(racemic) linear boronic ester 7g, albeit in a modest 33% isolated 
yield. Aliphatic alkenes such as 1-octene, 4-phenylbutene and 3-
triethoxypropene underwent hydroboration in high yields with 
excellent control of regioselectivity 7h-j (>99:1 L:B) exceeding 
those previous reported.54 
In summary, we have developed the manganese catalysed 
hydrosilylation and hydroboration of alkenes using a single 
manganese pre-catalyst which proceeds with high yield and 
excellent control of regioselectivity across both reactions. A 
bench-stable Mn(II) pre-catalyst and alkoxide activation with 
NaOtBu were found to be uniquely active in addition to assisting 
operational simplicity. Successful catalysis was demonstrated 
across 25 substrates bearing a variety of functional groups and 
on gram-scale with catalyst loadings as low as 0.5 mol%. The 
operational simplicity of both transformations should allow 
exploitation and development by the wider community. The 
development of further manganese-catalysed reductive 
methodologies and mechanistic investigations are on-going and 
will be reported in due course.  
Scheme 5: Hydroboration substrate scope 
 
Entry Additive Mol % Yield (%)a 
1 - - >95 















7 1 44b 
8 0.5 47b 
Reaction conditions: Octene (0.5 mmol), HSi(OEt)3 (0.63 mmol), 
DIPPBIPMnBr2 (0.01 mmol), NaOtBu (0.03 mmol), neat, 25 °C, 18 h. a Yield 
determined by 1H NMR of the crude reaction mixture using 1,3,5-













Reaction conditions: Alkene (1 mmol), HBPin (3 mmol), [Mn] (2 mol%), 
NaOtBu (6 mol%), neat, 60 °C, 18 h. Isolated yields. Regioselectivities are 
reported below the yield in parentheses as a ratio of linear:branched isomers. 
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A single catalyst/activator platform is reported for the manganese-catalysed 
hydrosilylation and hydroboration of alkenes. The systems hinge on NaOtBu 
operating as an activator and the reaction uses entirely bench-stable catalysts and 
reagents. Both reactions operate with high regioselectivity (up to >99:1) and in high 
yields (up to >95%). 
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